Summary. An IUD is thought to exert a contraceptive effect either by (1) inducing the premature expulsion ofembryos, (2) 
INTRODUCTION
Recent studies on the rat (Parr, Schaedler & Hirsch, 1967) and several other species, e.g. ferret (Marston & Kelly, 1969a) , rabbit (Marston & Chang, 1969) , mouse (Marston & Kelly, 1969b) , cow (Hawk, Conley & Brinsfield, 1968) and sheep (Hawk, 1969) , suggest pathological changes in the uterine milieu as the primary mediator of anti-implantation effects of an intrauterine device (IUD). It is not clear if this anti-implantation effect is on the uterus or on the embryos. The technique of double transfer of embryos, which is well suited for distinguishing uterine effects from embryonic effects, was used to determine embryotoxic effects of the intrauterine environment of rats having an IUD. The embryos were subjected to the environment of the IUD-bearing uterus for only a few hours before retransferring them.
The only previous report of the transfer of ova in investigations of IUDs was by Hawk (1965) . He transferred unfertilized ova from IUD-bearing ewes to the oviducts of intact ewes. After mating these recipients, the transferred ova became fertilized, indicating that an IUD did not deleteriously affect them.
MATERIALS AND METHODS
The overall plan of our experiments was to transfer normal embryos into the uterus of rats, one horn of which contained an IUD while the other served as a control horn. At various intervals after transfer, the rats were killed, and the embryos recovered. The embryos were immediately retransferred into the uterus of a second, normal, pseudopregnant host to determine if residing in the uterine environment with an IUD had damaged the embryos. Embryonic survival in this second recipient was determined at mid-gestation.
Holtzman-derived rats (SASCO, 5309 North 24th Street, Omaha, Nebraska) were maintained as previously described (Anderson, Melampy & Chen, 1967) . Daily vaginal smears were taken by lavage. Day 1 of pregnancy was the day on which spermatozoa were found in the vaginal smear. Pseudopregnancy was induced by stimulating the cervix of pro-oestrous or oestrous rats for 20 sec with a vibrating rod held in an electric engraver (DeFeo, 1966 (Doyle & Margolis, 1964; Greenwald, 1965; Craig, 1969;  (Snedecor & Cochran, 1967) and subjected to analy¬ sis of variance and regression analysis. The slope of the line for the non-IUD horn did not differ significantly from zero (P>0-05). Table 3 ). This survival rate, however, was below that of the control animals (P<0-05; Group IX versus Group VIII, Table 3 ).
The results in Group X show that washing the embryos free of the cellular débris generated by an IUD had no effect on their subsequent survival ( uterine horns in which the IUD had been removed than among those recovered from horns with an IUD in situ. After removal of the IUD, the survival rate of embryos in all four groups was similar to that of the control with double transfer of embryos (P>0-05).
EFFECT OF OVARIECTOMY AND AN IUD ON EMBRYONIC MORTALITY
Embryos transferred into the IUD-bearing uterus of progesterone-treated, spayed rats showed a higher recovery and survival rate than those transferred into intact rats with an IUD (Table 5) . Forty-seven blastocysts were transferred into the IUD horn of ovariectomized, progesterone-treated rats (Recipient I).
After 3 hr, thirteen were recovered from four of the nine recipients. (Doyle & Margolis, 1964; Greenwald, 1965; Craig, 1969; Ishihama & Miyai, 1969) . In this report, it has been conclusively shown that oviducal embryos are still fully viable on Day 4 (Table 2 ). Normal blastocysts cannot be recovered from the IUD-bearing uterus on the morning of Day 5 (Doyle & Margolis, 1964; Greenwald, 1965) . The loss of rat embryos must, therefore, occur after the evening of Day 4 and before noon on Day 5. Following ligation of the cervi¬ cal end of the IUD-bearing uterus, the number of embryos that could be recovered on Day 5 was nearly restored to the number that could be recovered from the controls, although 95% of the embryos were abnormal or degenerated (Greenwald, 1965) .
The nature of the changes in the intrauterine environment produced by an IUD is almost totally unknown. Parr et al. (1967) believed that an IUD in the rat uterus caused inflammation, the products of which caused destruction of the embryos. Parr (1968) postulated that the toxic factor that killed the embryos was produced by polymorphonuclear leucocytes. Extracts ofpolymorphonuclear leucocytes were capable of killing rat morulae in vitro (Parr, 1969) . Furthermore, Parr (1969) Parr, 1968 Parr, , 1969 . Batta & Chaudhury (1968) (Table 4) . It is possible that increased uterine motility caused by the presence of an IUD resulted in the inability to recover embryos. Parr (1965 Parr ( , 1968 Embryonic loss and embryonic mortality may both be caused by the same mechanism, which is not dependent on uterine motility. We postulate that some factor produced by an IUD-bearing uterine horn is detrimental to the meta¬ bolism of the unimplanted embryo and causes, initially, alterations in the ad¬ hesiveness of the zona pellucida. Due to altered metabolism and loss of normal adhesiveness, embryos might be passively expelled from the uterus. If embryos have not been exposed to the deleterious uterine factor for too long (<2 hr) and have not yet been expelled from the uterus, they may still undergo normal development in a non-IUD-bearing host. After more than 2\ hr exposure, other aspects of embryonic physiology may be permanently damaged and the embryos fail to develop, even when removed from the deleterious environment and trans¬ planted to a normal host.
The recovery rate of embryos from the IUD-bearing horn of ovariectomized, progesterone-treated rats was higher than that from the IUD-bearing horn of non-ovariectomized rats ( 
